3-Deoxy-D-arabino-heptulosonic acid 7-phosphate (DAHP) labeled at C-7 randomly or stereospecifically with tritium and at C-1 with 14C was converted enzymically to 5-dehydroquinate. Tritium of all three substrates was completely retained in 5-dehydroquinate, in accord with formation of a nonketonizing 6,7-enol intermediate. The 5-dehydroquinates were dehydrated to 5-dehydroshikimate by 5-dehydroquinate dehydratase, which is known to catalyze a cis-elimination. Only 5-dehydroquinate derived from [7-3H](7R)-DAHP lost its tritium in this dehydration, indicating that the configuration at C-7 was inverted in the conversion of DAHP to 5-dehydroquinate.
Abstract. 3-Deoxy-D-arabino-heptulosonic acid 7-phosphate (DAHP) labeled at C-7 randomly or stereospecifically with tritium and at C-1 with 14C was converted enzymically to 5-dehydroquinate. Tritium of all three substrates was completely retained in 5-dehydroquinate, in accord with formation of a nonketonizing 6,7-enol intermediate. The 5-dehydroquinates were dehydrated to 5-dehydroshikimate by 5-dehydroquinate dehydratase, which is known to catalyze a cis-elimination. Only 5-dehydroquinate derived from [7-3H] (7R)-DAHP lost its tritium in this dehydration, indicating that the configuration at C-7 was inverted in the conversion of DAHP to 5-dehydroquinate.
The second step in the biosynthesis of aromatic amino acids, cyclization of 3-deoxy-D-arabino-heptulosonate 7-phosphate (DAHP) to 5-dehydroquinic acid, has been shown1 to require catalytic amounts of NAD and Co++. It has been postulated1 that this reaction occurs by way of oxidation at C-5 of DAHP, elimination of phosphate, and formation of a diketo intermediate (IV), as shown in The proposed intermediate IV has been synthesized, and shown to be converted in good yield to 5-dehydroquinate at pH 11 or in imidazole buffer at pH 7. However, it could not be converted to 5-dehydroquinate enzymically. Hence, it was suggested2 that a 6,7-enol, e.g., compound III, may be the reactive species in the cyclization.
Barring large isotope effects, 5-dehydroquinate formed according to If IV is not an intermediate, then all of the label from be retained in 5-dehydroquinate, while label from tritiated water would not be incorporated. Carbanion formation at C-7 of DAHP facilitated by oxidation at C-6, as postulated in the analogous cyclization of glucose 6-phosphate to inositol-1-phosphate,3 would require loss of one-half the tritium of randomly labeled [7-'H]DAHP. However, tritium removed during carbanion formation may be returned at a subsequent step in 5-dehydroquinate formation, resulting in overall retention of label.
In the present communication we report a study obtained with mixtures of [1-14C]DAHP and [7-'H]DAHP, which shows complete conservation of tritium in 5-dehydroquinate formed from randomly and stereospecifically labeled [7-'H ]-DAHP. These results are in accord with the participation of a nonketonizing enol in the cyclization. We also studied the stereochemistry of 5-dehydroquinate synthetase by subjecting the 5-dehydroquinate preparations to cis-dehydration4 by 5-dehydroquinate dehydratase. It was deduced that the overall conversion of DAHP to 5-dehydroquinate occurred with inversion of configuration at C-7.
Methods. 5-Dehydroquinate synthetase was prepared from Escherichia coli 83-24 through the second ammonium sulfate precipitation,' and had a specific activity of 4.3 ,mol/mg per hr. It was NAD-dependent, and was free of 5-dehydroquinate dehydratase (EC 4.2.1.10). The latter enzyme was prepared from the supernatant solution of the second ammonium sulfate precipitation' and had a specific activity of 1.0 ,umol/mg per hr. The DAHP synthetase preparation was a partially purified fraction of the tyrosine-sensi- 9 ). Fructose diphosphate was incubated at pH 7.6 with aldolase and triose isomerase. The pH was then raised to 9.0, and Mg++ and fructose diphosphatase were added. The resulting (1R,6R)or (1S,6S)-[1,6-3H2]fructose 6-phosphate was isolated by chromatography on a column of AG 1 (chloride form).6
[4-3HJerythrose 4-phosphate was prepared from labeled glucose 6-phosphate with 1.9 eq of lead tetraacetate, and from fructose 6-phosphate with 0.95 eq of lead tetraacetate.78 [7-3H]DAHP was prepared from [4-3H]erythrose 4-phosphate and enolpyruvate phosphate with DAHP synthetase, and purified by chromatography on Dowex 1 (chloride form). [7-3H](7RS)-DAHP, obtained as above, was precipitated as the barium salt, and further purified by paper chromatography as described below. A minor radiochemical impurity remained in the preparation. Reaction mixtures in which labeled DAHP was incubated with 5-dehydroquinate synthetase were treated with trichloroacetic acid, and 30-120 ,ul of the supernatant solutions were applied as spots along a 4-cm origin on Whatman no. 1 or 3MM paper. Chromatographic separation as previously described' gave Rf 0.40 for DAHP, 0.50 for 5dehydroquinate, and 0.60 for 5-dehydroshikimate. The paper was cut into 1-cm strips for the determination of 3H and "4C by liquid scintillation counting. Similar experiments were performed in which unlabeled DAHP or 5-dehydroquinate were incubated with enzyme in the presence of 55 mCi of tritiated water in a final volume of 0.5 ml.
Results. When unlabeled DAIIP was incubated with 5-dehydroquinate synthetase in tritiated water, the resulting product was unlabeled. A control in which 5-dehydroquinate was incubated under the same conditions also gave un- Table 1 . It may be seen that essentially all of the 3H at [7-3H] (7S)-DAHP. Discussion. The results described above are not in accord with the formation of a methyl group at C-7 of DAHP during 5-dehydroquinate synthesis (Fig. 1) , since tritium was not introduced into 5-dehydroquinate from a tritiated medium, nor was it lost from any of the [7-3H ]DAHP preparations. However, they are in agreement with the cyclization of an enol, e.g., compound III, to 5-dehydroquinate. Failure of the postulated enol to ketonize may be explained by its occurrence as a bound intermediate.
Stereospecific carbanion formation at C-7 of DAHP, as a preliminary step to cyclization, would result in loss of one-half the tritium from the randomly labeled DAHP, all of the tritium from one stereospecifically labeled isomer, and none from the other isomer. Although tritium removed in generating a carbanion intermediate could be restored by the enzyme at a later step in the synthesis, we consider this type of mechanism unlikely. Furthermore, preliminary experiments indicate a kinetic isotope effect in the conversion of [5-3H]DAHP to 5-dehydroquinate, suggesting oxidation at C-5.
The results in Table 1 also furnish information about the steric course of 5dehydroquinate formation. Since 5-dehydroshikimate is formed by a cis-dehydration,4 the pro-R hydrogen at C-6 of 5-dehydroquinate is lost in this reaction. It may be observed from Table 1 that the pro-R hydrogen at C-7 of DAHP was ultimately lost in 5-dehydroshikimate formation. Hence, pro-R at C-7 of DAHP became pro-R at C-6 of 5-dehydroquinate, and formally the reaction occurred with inversion of configuration about C-7 of DAHP, as shown below (H* = 3H). 
